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Methods: Synovial ﬂuid samples were obtained from 100 OA patients (BMI
30.8±0.6kg/m2, age 70.0±1.0 years; mean±SEM) under total knee arthro-
plasty, and leptin, IL-6 and MMPs were measured by immunoassays (ELISA
and multiplex bead array method, Luminex). Cartilage samples collected
from OA patients undergoing knee replacement surgery were placed in
tissue culture and exposed to leptin.
Results: In tissue culture experiments, leptin (alone and in the presence of
IL-1β) enhanced production of IL-6, MMP-1, MMP-3 and MMP-13 in human
OA cartilage. In addition, leptin enhanced expression/production of inﬂam-
matory factors, nitric oxide (NO), inducible nitric oxide synthase (iNOS),
prostaglandin E2 (PGE2), cyclooxygenase-2 (COX-2) and IL-8. The effect of
leptin on these mediators was mediated by a transcription factor NF-kB and
mitogen-activated protein kinase (MAPK) c-Jun NH2-terminal kinase (JNK)
dependent manner. Furthermore, we found positive correlations between
synovial ﬂuid leptin and IL-6 (r=0.33, p=0.002), leptin and MMP-1 (r=0.41,
p<0.001), and leptin and MMP-3 (r=0.51, p<0.001).
Conclusions: Leptin up-regulated the production of proinﬂammatory medi-
ator IL-6, and the production of the extracellular matrix degrading enzymes
MMP-1, MMP-3, MMP-13 in human OA cartilage. The clinical relevance of
these ﬁndings was supported by positive correlations between leptin and
IL-6, MMP-1, and MMP-3 in synovial ﬂuid from OA patients. These ﬁndings
support the idea of leptin as a detrimental factor in cartilage metabolism
and as a possible link between obesity and OA.
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FUNCTIONAL CHARACTERIZATION OF OA RISK POLYMORPHISM
RS225014 AT DIO2 IN HUMAN OA CARTILAGE
S.D. Bos1,2, J. Loughlin3, R.G. Nelissen1, P.E. Slagboom1,2, I. Meulenbelt1,2
1LUMC, Leiden, Netherlands; 2Netherlands Consortium for Healthy Ageing,
Leiden, Netherlands; 3Newcastle Univ., Newcastle, United Kingdom
Purpose: Previously, the deiodinase iodothyronine type-2 gene (DIO2) was
identiﬁed as an osteoarthritis (OA) risk gene. The protein coded by DIO2
is responsible for activation of thyroid hormone by removal of an iodine
residue from T4 thereby converting it to T3, a process occurring in several
speciﬁc tissues including the growth plate. The strongest associating SNP in
the gene rs225014 is located in an exon and codes for an amino acid change
(Thr92Ala). However, so far no major impact on protein function has been
shown and further investigation of the gene and regulation thereof may
help understand the mechanisms involved in the association of DIO2 to
OA. Functional characterization of alleles discriminated by SNP rs225014
by a differential allelic expression (DAE) assay may indicate the presence
of different genetic regulatory elements of the gene.
Methods: From subjects undergoing total joint arthroplasty we collected
OA affected and preserved cartilage from within the same joint. By geno-
typing the OA risk SNP rs225014 we identiﬁed heterozygous individuals
(N=13). From these individuals good quality RNA was extracted from the
OA affected cartilage using a milling technique combined with Qiagen midi
or mini RNeasy kits with modiﬁed protocols. We ampliﬁed a region of DIO2
containing the SNP using speciﬁc forward primers aimed at a 540 and 533
basepair fragment of genomic and cDNA (spanning 1 intron) respectively
and a reverse primer located on an exon. By use of an allele discriminating
Taqman assay (Applied Biosystems, C__15819951) the relative peak heights
of allele C and T ﬂuorescence signals was assessed on both DNA and
RNA level on an ABI 7900HT realtime PCR machine. Using genomic DNA
peak heights as a reference for a 1:1 ratio of allelic presence the RNA
derived values were corrected for technical differences of ﬂuorescence
before log transformation of the peak height ratios. Deviations from allelic
balance in the normalized log transformed RNA samples were tested
against the normalized log transformed DNA samples for signiﬁcance using
a Mann-Whitney non-parametric test.
Results: For all 13 samples we show a highly signiﬁcant allelic imbalance,
where the OA risk allele (C) was more abundantly present in OA cartilage
samples (Table 1, Figure 1).
None of the genomic DNA’s showed signiﬁcant deviations from allelic
balance when tested against all remaining genomic DNA’s. We could not
ascribe differences in DAE values to speciﬁc joint sites or gender differ-
ences. One sample (donor 8) showed an exceptionally high amount of allelic
imbalance which is followed up by sequencing of 18kb of the genomic
locus at high coverage of this speciﬁc individual and other subjects.
Conclusions: We show that the OA risk gene DIO2 is subject to highly
signiﬁcant differential allelic expression based on alleles of rs225014. The
allele C, which is a risk allele for OA presence, is more abundantly present
Table 1. Baseline characteristics of study samples
Donor Age Sex Joint cDNA (%) Genomic DNA (%) Relative C/T P-value
1 Female 70 Shoulder 18 (90) N/A 1.30 <0.01
2 Female N/A Hip 19 (95) 5 (100) 1.26 <0.01
3 Male 61 Hip 20 (100) 5 (100) 1.29 <0.01
4 Female 59 Hip 16 (80) 4 (80) 1.34 <0.01
5 Male 71 Hip 19 (95) 4 (80) 1.32 <0.01
6 Female 75 Knee 20 (100) 5 (100) 1.33 <0.01
7 Female 78 Hip 19 (95) 5 (100) 1.25 <0.01
8 Female 75 Hip 20 (100) 5 (100) 1.60 <0.01
9 Female 79 Knee 20 (100) 5 (100) 1.38 <0.01
10 Male 56 Hip 17 (85) 5 (100) 1.36 <0.01
11 Female 62 Hip 18 (90) 5 (100) 1.41 <0.01
12 Female 79 Hip 17 (85) 5 (100) 1.42 <0.01
13 Female 62 Shoulder 17 (85) 5 (100) 1.42 <0.01
Figure 1
in OA cartilage RNA of 13 subjects. The higher activity of this allele
may increase the thyroid signalling in the cartilage, which in turn directs
chondrocytes in the direction of hypertrophy and jeopardizes cartilage
integrity. To further conﬁrm this hypothesis and investigate whether the
observed DAE is present throughout all cartilage we plan to assess DAE
in the preserved cartilage obtained from the study subjects as well as
healthy cartilage obtained from control donors. Furthermore, absolute
expression levels of DIO2 in healthy, preserved and OA affected cartilage
samples may provide additional insights in the ongoing signalling of DIO2
in osteoarthritis.
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THE INFRAPATELLAR FAT PAD OF OSTEOARTHRITIC PATIENTS HAS AN
INFLAMMATORY PHENOTYPE
I.R. Klein-Wieringa1, M. Kloppenburg1, Y.M. Bastiaansen-Jenniskens2,
E. Yusuf1, J.C. Kwekkeboom1, H. El-Bannoudi1, R.G. Nelissen1,
A.-M. Zuurmond3, V. Stojanovic-Susulic4, G.J. van Osch2, R.E. Toes1,
A. Ioan-Facsinay1
1Leiden Univ. Med. Ctr., Leiden, Netherlands; 2Erasmus MC, Univ. Med. Ctr.,
Rotterdam, Netherlands; 3TNO Quality of Life, Leiden, Netherlands; 4Centocor,
Philadelphia, PA
Purpose: Obesity is an important risk factor for the development of
Osteoarthritis (OA) also in non-weight bearing joints, such as the hands.
Accumulating data indicate that adipose tissue can secrete inﬂammatory
mediators with powerful immunomodulatory effects. To gain insight into
the possible mechanisms underlying the association between OA and
obesity, we have extensively characterized the immune cell composition
and release of inﬂammatory mediators by the infrapatellar fat pad (IFP),
an intra-articular adipose organ located in the knee, in the vicinity of
synovium and cartilage.
Methods: IFP and thigh subcutaneous (Sc) adipose tissue were obtained
from 47 primary OA patients (14 males and 33 females, mean body mass
index 30 kg/m2). The stromal vascular fraction (SVF) was isolated and cells
were phenotypically characterized by FACS. Adipose tissue and adipocytes
were cultured for 24h in medium and cytokine and adipokine levels in fat-
and adipocyte-conditioned media were measured by luminex.
Results: More cells (per gram adipose tissue) were present in the SVF
of the IFP than of Sc adipose tissue. Various immune cells were present
in SVF, CD14+ macrophages being the most abundant (mean approx.20%),
followed by T cells (CD3+; mean approx.10%), mast cells (CD117+FcεRI+;
mean approx.2.5%) and B cells (CD19+; mean < 1%). Although no dif-
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ferences were found in the percentages of the immune cell populations
studied between these tissues, luminex analyses of fat-conditioned media
revealed signiﬁcantly higher concentrations of IL-6, TNFα, adipsin and
adiponectin from IFP than Sc adipose tissue. Similar differences were found
in adipocyte-conditioned media from these two adipose tissues. Moreover,
a positive correlation between TNFα release from fat-conditioned medium
and body mass index was found in IFP (r = 0.338, p = 0.046).
Conclusions: We show profound differences in inﬂammatory factors se-
creted from IFP compared to Sc adipose tissue. Moreover, our data indicate
an inﬂuence of BMI on the inﬂammatory mediators released by IPF.
In summary, these data suggest that IFP is qualitatively different from
Sc adipose tissue and IFP-derived soluble mediators could contribute to
pathophysiological processes in the OA knee joint.
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A COMPOSITE SCORE OF MULTI-JOINT RADIOGRAPHIC OSTEOARTHRITIS:
THE JOHNSTON COUNTY OSTEOARTHRITIS PROJECT
A.E. Nelson1 , R.F. DeVellis1, J.B. Renner1, P.G. Conaghan2, V.B. Kraus3,
J.M. Jordan1
1Univ. of North Carolina, Chapel Hill, NC; 2Univ. of Leeds, Leeds, United
Kingdom; 3Duke Univ. Med. Ctr., Durham, NC
Purpose: To determine whether a psychometrically derived composite
score could be developed to capture the whole-body burden of radio-
graphic OA (rOA) in multiple joint sites (hands, tibiofemoral joint (TFJ),
patellofemoral joint (PFJ), hips, and lumbosacral spine).
Methods: Factor analysis was used to determine the number of distinct
variables into which information from individual body sites could be
meaningfully classiﬁed, using data from a cross-sectional sample of the
Johnston County OA Project, including individuals participating in the 2nd
follow-up (n=1079) and in the 1st cohort enrichment (n=1012), with avail-
able multi-joint radiographic data (67% women, 34% African Americans,
mean age 65±11 years). Radiographs of the hands (bilateral posteroanterior
[PA] views, 30 total joints), TFJ (PA ﬁxed-ﬂexion views), and hips (supine
anteroposterior pelvis) were read for Kellgren-Lawrence grade (KL 0-4)
at each joint. Radiographs of the lumbosacral spine (lateral view) were
read for osteophytes (OST) and disc space narrowing (DN), and the PFJs
(sunrise views) were read for OST(0-3), using the Burnett atlas. A single
expert reader with previously shown high reliability read all radiographs
(intra-rater κ=0.89).
Based on the eigenvalues (measure of the information contained in a
factor), 3 factors were retained and oblique rotation performed to allow
correlation between factors. Radiographic variables with loadings <0.4
were dropped from the ﬁnal model (hip KL, lumbosacral OST/DN, 1st
metacarpophalangeal (MCP) joints and carpometacarpal joints). The sum
scores and reliability (reliability=α, the proportion of variance in a score
attributable to the “true” score) of the 3 factors were determined. These
factors were subjected to higher order factor analysis to determine loadings
and weighting. Finally, a sum score of all 3 factors was determined.
Results: Factor analysis of the retained radiographic variables produced 3
strong factors. Factor 1 consisted of the bilateral 1st interphalangeal joints,
distal interphalangeal (DIP) joints 2-5, and proximal interphalangeal (PIP)
joints 2-5 (18 joints), with α=0.96. Factor 2 included MCP joints, bilateral
2-5 (8 joints), with α=0.81. Factor 3 included bilateral TFJs and PFJs (4
joints), with α=0.87. Higher order factor analysis showed similar loadings of
all 3 factors on one higher order factor, indicating that the 3 factors could
be incorporated into one score using their unweighted averages. However,
the eigenvalue for this higher order factor was <1, so the individual factors
contain more information than the single composite score, which also had
a lower α (0.59).
Conclusions: The 3 factors obtained in this analysis suggest that the
variables contained in each factor share an underlying cause. OA in the
DIP and PIP joints share a similar cause, while the MCP joints appear to
be distinct. OA in the TFJ and PFJ also appear to share a similar cause.
These 3 factors were more reliable individually than as an overall sum
score, indicating that they provide more information separately. Using
such factors to reﬂect multi-joint rOA in statistical models can reduce the
number of variables needed (i.e. from 30 scores to 3 factors) and increase
precision. The weak loading of some radiographic variables could reﬂect
a problem with standard measurement (hip KL, spine OST/DN), or a true
difference in underlying cause for OA at these joints.
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ACCELERATION OF OSTEOARTHRITIS PROGRESSION BY INDUCED
EXPRESSION OF DISCOIDIN DOMAIN RECEPTOR 2 IN MATURE ARTICULAR
CARTILAGE OF MOUSE KNEE JOINTS
Y. Li1, I. Polur1, J.M. Servais1, S. Hsieh1, P.L. Lee1, M.B. Goldring2, L. Xu1
1Harvard Sch. of Dental Med., Boston, MA; 2The Hosp. for Special Surgery, New
York City, NY
Purpose: Discoidin domain receptor 2 (DDR2) is a cell membrane tyrosine
kinase receptor for native type II collagen. Results from this and other lab-
oratories indicate that activation of DDR2 by the interaction of the receptor
with native type II collagen induces matrix metalloproteinase 13 (MMP-13)
and increases expression of the receptor itself in chondrocytes. Data from
our studies also demonstrates that increased expression of MMP-13 is
associated with elevated expression of DDR2 in human osteoarthritic (OA)
cartilages and in knee and temporomandibular joints in mouse models of
OA. Moreover, the reduction of Ddr2 expression attenuated the OA progres-
sion in the joints of the mouse models of OA. It is of interest to note that the
pericellular matrix, which separates chondrocytes from the interterritorial
matrix of mature articular cartilage, contains no type II collagen. We
hypothesize, therefore, that at the very early stage of OA progression, deple-
tion of proteoglycans in the extracellular matrix, and particularly the degra-
dation of the pericellular matrix, exposes chondrocytes to type II collagen.
As a consequence, DDR2 is activated to induce MMP-13 in chondrocytes.
Methods: We used the tetracycline-inducible expression system (Tet-off) to
overexpress DDR2 in mature articular cartilage of mouse knee joints under
the control of the mouse cartilage oligomeric matrix protein gene promoter.
Pregnant mice were treated with doxycycline and females with litters were
continuously treated with doxycycline until weaning (4-week-old). Trans-
genic mice and their wild-type littermates were maintained with regular
water and food and sacriﬁced at the ages of 8, 12 and 16 weeks, at which
time the knee joints were collected. Serial paraﬃn sections of the knee
joints were prepared (n=8/group/stage). Transgenic mice and wild-type
littermates at 12 weeks of age were also subjected to microsurgery to cause
destabilization of the media meniscus (DMM). Serial paraﬃn sections of the
knee joints were prepared from mice at 2, 4, 8 and 12 weeks following the
surgery (n=8/group/time point). Immunohistostaining was performed with
polyclonal antibodies against DDR2 and Tet-Repressor protein (TetR). DDR2
mRNA was measured by real-time PCR. Joint morphology was examined by
Safranin O/Fast green staining and evaluated by a modiﬁed Mankin scoring
system.
Results: Increased expression of DDR2 was detected in mature articular
cartilages of knee joints from transgenic mice. The level of DDR2 mRNA
was increased about 2.5-fold in transgenic mice, compared to the wild-type
littermates. No OA pathologic change was observed in transgenic mice
overexpressing DDR2 at any post-natal stage. However, upon challenge
with DMM surgery, we found that the OA pathologic progression was
accelerated in the knee joints of the DDR2-overexpressing transgenic mice.
Conclusions: These results are consistent with our hypothesis that the
pericellular matrix is a critical structure to prevent type II collagen from
binding DDR2. In the case of our transgenic mice, although there was more
DDR2, the receptors were separated from the type II collagen ﬁbrils by the
pericellular matrix in normal conditions. Thus, DDR2 was not activated and
MMP-13 expression and activity were not induced in chondrocytes in the
transgenic mouse knee joints. In contrast, the up-regulated expression of
DDR2 accelerates OA progression caused by the DMM surgery. We con-
clude that DDR2 can accelerate OA progression, but cannot initiate articular
cartilage degeneration, in the absence of biochemical or biomechanical
disruption of the pericellular matrix.
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MICE OVER-EXPRESSING SALMON CALCITONIN HAVE STRONGLY
ATTENUATED BONE AND CARTILAGE CHANGES AFTER DESTABILIZATION
OF THE MEDIAL MENISCUS
B.-C. Sondergaard1, C. Crüger-Hansen1, R.H. Nielsen1, T. Schinke2,
A.K. Huebner2, P. Catala-Lehnen2, M. Amling3, A.-C. Bay-Jensen1,
M.A. Karsdal1
1Nordic BioSci., Herlev, Denmark; 2Univ. Sch. of Med., Inst. of Osteology and
Biomechanics, Hamburg, Germany; 3Univ. Sch. of Med., Insitute of Osteology
and Biomechanics, Hamburg, Germany
Purpose: The pathogenesis of osteoarthritis (OA) involves both bone and
